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Abstract (Basic) : JP 55054320 A 

The elastomers are produced from {1} organic diisocyanates , (2) 
polyether diols and/or polyester diols and diols of formula (I) and n3) 
chain-lengthening agents (where Rl and r2 are alkylene oxide; and n and 
m are 2-30) . 

Pre. (I) have a mol . wt . of 400-3000. Polyether diols include 
polyoxytetramethylene glycol, polyoxypropylenetetramethylene glycol. 
Polyester diols include polyesters obtd. from, sebacic acid or adipic 
acid and 2-propylene glycol, 1-4-butanediol, etc. (I) includes 
tetramethylene diisocyanate, 1, 4-cyclohexane diisocyanate. (3) includes 
aminoacetic acid hydrazide, beta-aminopropionic acid hydrazide, 
ethylenediamine . The reaction of isocyanate-modif ied prepolymers and 
chain extenders is mild, and gelation of the reaction mixt . is 
inhibited. 

The present polyurethanes have excellent physical properties. UV 
resistance, and combustion gas-yellowing resistance. Yarn and fibre 
formed from the elastomer are free from mutual adhesion. 
Derwent Class: A25; F01 

International Patent Class (Additional): C08G-018/48; C08J-009/02 
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(19) Japanese Patent Office (JP) , (12) Japanese Patent 
Publication (A), (11) Japanese Patent Application Laid-Open, 
55-54320, (43) Laid-open on April 21, 1980, Identification 
number, In-office serial number, Number of inventions : 1 , 
Examination not requested, (5 pages in total in Japanese 
original) 

(54) Title of the invention: Methods for producing polyurethane 
elastomers 

(21) Application No. 53-126856, (22 ) Filed on October 17 , 1978, 
-(72) Inventor: SOGA, 1-28-5, OZU-Cho, IWAKUNI-Shi, 
(72) Inventor: I . TAKAHASHI , 3-1-3, YAMATE-Cho, IWAKUNI-Shi, 
(71) Applicant: TEIJIN CO., LTD., 1-11, MINAMIHONMACHI, 
HIGASHI-Ku, OSAKA-Shi 
(74) Agent: Patent attorney: S.MAEDA 

SPECIFICATION 

1. Title of the invention 

Methods for producing polyurethane elastomers 

2. What is claimed is: 

(1) A method for producing a polyurethane elastomer from an 
organic diisocyanate, a polyether diol and/or a polyester diol, 
and a chain propagating agent, wherein a polyether diol and/or 
a polyester diol and a diol represented by Formula [I] shown 
below are employed simultaneously as diols. 

CH. 



wherein R x and R 2 represent alkylene oxide groups, n and m 

represent integers of 2 to 30. 

3. Detailed description of the invention 

The present invention relates to a method for producing 
a polyurethane elastomer. More particularly, the present 
invention relates to a method for producing a polyurethane 
elastomer having excellent physical properties together with 
excellent UV resistance, flammable gas yellowing resistance and 
anti-blocking ability readily and industrially. 

A known conventional polyurethane elastomer obtained by 
reacting a chain propagating agent such as aromatic 
diisocyanates and diamines with a polyhydroxy compound such as 
polyethers or polyesters for polyurethanes is employed widely 
in elastic fibers and synthetic leathers. However, such 
polyurethane elastomer usually undergoes yellowing or 
degradation due to environmental ultraviolet lights and also 
involves disadvantage that yellowing due to environmental 
nitrogen oxide gases and flammable gases may occur. In addition, 
its high tackiness causes close contact between films and 
between fibers, resulting in difficulty in peeling. While a 
polyurethane elastomer is known which is obtained by using an 
aliphatic diisocyanate instead of an aromatic diisocyanate in 
an attempt to prevent the yellowing and the degradation 
mentioned above, it involves disadvantageously poor reactivity 
and mechanical characteristics of a product polyurethane. 
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On the other hand, a conventional method for producing a 
polyurethane elastomer involves disadvantage due to difficulty 
in regulating the reaction process. Thus, when a polyhydroxy 
compound such as polyethers or polyesters and an organic 
diisocyanate are used to produce a polyurethane prepolymer 
which is then reacted with a chain propagating agent such as 
diamines to obtain a polyurethane polymer, the reaction is 
extremely drastic and tends to form a gel, causing problems due 
to difficulty in regulating the reaction in order to produce 
a linear polyurethane polymer. For the purpose of solve such 
problems, an attempt is made to regulate the reaction and to 
prevent the gel formation by means of modification in the device 
control of low temperature polymerization etc. , which involves 
disadvantage that a special instrumentation is required. 

We made much effort in study on a method for producing a 
polyurethane elastomer having excellent physical properties 
industrially without forming a gel while keeping the reaction 
between a prepolymer and a chain propagating agent such as 
diamines as well as on a method for improving the UV resistance, 
flammable gas yellowing resistance and peeling ability of a 
polyurethane elastomer, and finally established the present 
invention by utilizing a certain diol composition. 

Accordingly, the present invention is a method for 
producing a polyurethane elastomer from an organic diisocyanate, 
a polyether diol and/or a polyester diol, and a chain 
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propagating agent, wherein a polyether diol and/or a polyester 
diol and a diol represented by Formula [I] shown below are 
employed simultaneously as diols. 

ca. 

Hta-^O-Of-OofR.^ K en 
CK. 

wherein R x and R 2 represent alkylene .oxide groups, n and m 
represent integers of 2 to 30. 

In a diol compound represented by Formula [I] employed in 
the present invention, R x and R 2 represent alkylene oxide groups . 
The alkylene oxide groups may be ethylene oxide group, propylene 
oxide group, butylene oxide group and mixtures thereof. The 
molecular weight of a diol compound represented by Formula [I] 
is preferably within the range from 400 to 3, 000, more 
preferably, 600 to 2,300. 

The polyether diol or the polyester diol which is employed 
simultaneously with a diol compound represented by Formula [I] 
may be an ordinary diol known widely, and the polyether diol 
includes, for example, polyethers such as 

polyoxytetramethylene glycol, oolyoxypentamethylene glycol, 
polyoxypropylene tetramethylene glycol and the like. The 
polyester diol includes, for example, polyesters obtained from 
one or more of dibasic acids such as adipic acid and sebacic 
acid and one ore more of ethylene glycol, 1, 2-propylene glycole, 
2, 2-dimethyl-l , 3-propane diol, 1, 4-butane diol, hexamethylene 
glycol, pentamethylene glycol, diethylene glycol, 1,4- 
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cyclohexane dimethane glycol and the like, as well as polyester 
amides and polyetheresters . It is particularly preferable to 
use a polyether diol simultaneously, and a polytetramethylene 
glycol is recommended. 

The organic diisocyanate yrhich is employed in the present 
invention includes diisocyanates such as tetramethylene 
diisocyanate, hexamethylene diisocyanate, 1, 4-cyclohexane 
diisocyanate, dicyclohexylmethane-4 . 4 1 -diisocyanate, xylene 
diisocyanate, 1, 4-phenylene diisocyanate, 2, 4-tolylene 
diisocyanate, 2, 4/2, 6-tolylene diisocyanate mixture, 
diphenylmethane-4 , 4 f -diisocyanate, naphthalene diisocyanate 
and the like. The chain propagating agent includes low 
molecular amino acid hydrazides such as aminoacetic acid 
hydrazide, a-aminopropionic acid hydrazide, p-aminopropionic 
acid hydrazide, p-amino-oc, a-dimethylaminopropionic acid and 
the like, diamines such as ethylene diamine, 1 , 2-propylene 
diamine, 1,4-butylene diamine, 2,3-butylene diamine, 
hexamethylene diamine, piperazine, 1, 4-diaminopiperazine, 
tolylene diamine, phenylene diamine, diphenylmethane diamine 
and the like, hydrazines such as hydrazine, monoalkyl hydrazine, 
1, 4-dihydrazinoethylene and the like, dihydrazides such as 
carboxylic acid dihydrazides, succinic acid dihydrazide, 
adipic acid dihydrazide, terephthalic acid dihydrazide and the 
like, glycols such as ethylene glycol, 1,4-butane diol and the 
like, difunctional low molecular compound such as H 2 0. 



A polyurethane elastomer may be produced by using a known 
polyurethane elastomer polymerization method as it is. The 
manner in which a compound of Formula [I] is used together with 
other diols may involve the reaction of the both components 
which have previously been mixed, or the reaction of each 
component with an organic diisocyanate which is conducted 
independently. While a representative method for producing a 
polyurethane elastomer employs reaction between a diol and an 
excess of an organic polyisocyanate to obtain an 
isocyanate-modif ied prepolymer, which is then reacted with a 
chain propagating agent, other methods such as one shot method 
or 2-step chain propagation reaction may also be employed. When 
employed in elastic fibers, films, coatings and sheet materials , 
it is preferable to use the isocyanate-modif ied prepolymer 
obtained in subjected to chain propagation in an organic polar 
solvent. Also in such case, the reaction between the 
isocyanate-modif ied prepolymer and the chain propagating agent 
may be conducted in a modified manner, such as, in two or more 
steps . 

The organic polar solvent includes, for example, 
dimethyl f ormamide, dimethylacetoamide, diethyl formamide, 
dimethyl sulfoxide , hexamethylphosphor amide, tetramethylene 
urea, N-methyl-2-pyrrolidone -and the like. 

A polyurethane elastomer obtained as described above 
exhibits excellence not only in physical properties, UV 
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resistance and flammable gas resistance but also in inter-fiber 
and inter-film peeling ability. Also according to the present 
invention, the reaction between an isocyanate-modif ied 
prepolymer and a chain propagating agent such as diamines during 
the course of reaction for obtaining a polyurethane elastomer 
is mild and the gel formation is suppressed, resulting in 
advantage that the reaction can easily be controlled. 

The present invention is further described in the 
following examples. Parts and % in the examples are by weight 
unless otherwise specified. Various parameters of the 
physical properties shown in the examples were determined as 
follows . 

(1) Light resistance 

The coloration degree and the strength (g/denier) of a 
refined elastic fiber or film before and after irradiation for 
40 hours in FADE O METER were determined. The coloration degree 
was classified into 5 degrees using a yellow scale, with an 
untreated elastic fiber or film being regarded as Grade 1. 
Grade 1 indicated no change in ?-?lor, Grade 2 indicated slightly 
yellow color, Grade 3 indicated pale yellow color, Grade 4 
indicated yellow color, and Grade 5 indicated weakly yellowish 
tan color. The strength was represented as a strength- 
maintaining rate with an untreated elastic fiber being regarded 
as 100 %. 

( 2 ) Gas coloration 
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Flammable gas resistance was determined by the method 
described below. Propane gas (400 cc/mm) was subjected to 
perfect combustion (with a metal mesh being placed in the top 
of the flame) and introduced, via a round aspiration tube whose 
diameter is 10 cm, into a sample chamber (0.05 m 3 ) , in which 
the gas was forced to distribute uniformly using a fan to keep 
the entire chamber at 50°C, with the gas being discharged 
quantitatively through a ventilation hole. The refined fiber 
or film was exposed for 10 minutes in the sample chamber 
described above and then evaluated for the clear color degree 
using a yellow scale in the manner similar to that used for the 
light resistance - 

Nitrogen oxide exposure +;est was conducted in compliance 
with JISL-0855, and the coloration degree was evaluated 
similarly as in the determination of. the light resistance to 
judge as any Grade. 
(3) Peeling ability 

Two films, each of which had the thickness of 0.05 mm and 
the surface area of 1 cm 2 , were overlaid and sandwiched between 
the cover glasses, which were then allowed to stand in a drier 
for 24 hours while being loaded with the weight of 0.5 kg. 
Thereafter, the tips of the two films which were in a close 
contact were pinched and peeled from each other using a tensile 
test device to determine the tensile resistance (kg/cm 2 ) . 
Examples 1 to 6 and Comparative 1 
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A.diol consisting of 35u parts of the diol whose average 
molecular weight was 2, 000 and which was represented by Formula 
[II]: 

CH. CH. CH, 

wherein n and m are integers of 2 to. 30 and 3,510 parts of 
polyoxytetramethylene glycol whose average molecular weigh" 
was 2,000 was reacted with 1,000 parts of diphenylmethane- 
4 , 4 1 -diisocyanate at 90 °C for 50 minutes to obtain an 
intermediate polymer having isocyanate groups at its terminals 
(prepolymer) . This intermediate polymer was dissolved in 
7, 000 parts of dimethylf ormamide and cooled to 17 °C with 
stirring thoroughly. Separately, 191.8 parts of p-amino acid 
propionic acid and 10 parts of diethylamine were added to 4,700 
parts of dimethylf ormamide and mixed thoroughly with stirring. 
To the solution mixture thus obtained, the solution of the 
intermediate polymer described above was added portionwise with 
stirring, and when the viscosity of the solution reached to 1000 
poise the reaction was terminated to yield, without gel 
formation, a 31 % polyurethane polymer solution having 
satisfactory stability (Example 1). 

With changing the ratio of the diol whose average molecular 
weight was 2,000 and which was represented by Formula II ana 
the polyoxytetramethylene glycol whose average molecular 
weight was 2,000 into those shown in Table 1, polymer solutions 
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were obtained similarly as in Example 1 (Comparative 1 and 
Examples 2 to 6) . In Examples 2 to 6, stable solutions were 
obtained during reaction without gel formation, but in 
Comparative 1 the reaction was too rapid and gel was formed 
partially. 

In each polymer solution, titanium dioxide, a known 
antioxidant and UV absorber were incorporated during 
polymerization at the concentrations of 2 %, 0.5 % and 0.5 %, 
respectively. Each polymer solution was defoamed and then 
formed into a 40 denier filament by a known dry spinning method. 
A portion of the polymer solution was employed to form a film 
whose thickness was 0.05 mm. 

The samples thus obtained were examined for their light 
resistance, gas coloration and peeling ability as well as 
strength and extension. The filaments and films obtained 
exhibited high extensions, excellent light resistance and gas 
coloration resistance and satisfactory peeling ability, as 
evident from Table 1 . 

Table 1, ( 1 ) Comparative 1, (2) Example 1, (3)Polyether diol 
(molar ratio), (4) Diol of Formula [II]/ 

(5) Polyoxytetramethylene glycol, (6) Strength, ( 7 ) Extension, 
(8) Light resistance, (9) Strength maintaining degree, 
(10) Coloration degree (Class), (ll)Gas coloration resistance, 
(12)Nox (Class), (13) Propane (Class), (14) Peeling ability, 
Examples 7 to 12 and Comparative 2 
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A diol consisting of 1, 053 parts of the dioi whose average 
molecular weight was 1, 800 and which was represented by Formula 
[III] : 

CH, 
CH. 

wherein 'R 1 and R 2 are alkylene oxide groups consisting of 70 % 
propylene oxide and 30 % ethylene oxide as molar ratio, and n 
and m are integers of 2 to 30 and 2,730 parts of 
polyoxytetramethylene glycol whose average molecular weigh* 
was 2,000 was reacted with 1,000 parts of diphenylmethane- 
4 , 4 1 -diisocyanate at 85 °C for 60 minutes to obtain an 
intermediate polymer having isocyanate groups at its terminals 
(prepolymer) . This intermediate polymer was dissolved in 
7, 000 parts of dimethylf ormamide and cooled to 30 °C with 
stirring thoroughly. Separately, 130.2 parts of 1,2- 
propylenediamine and 10 parts of diethylamine were added to 
4,700 parts of dimethylf ormamide and mixed thoroughly with 
stirring. To the solution mixture thus obtained, the solution 
of the intermediate polymer described above was added 
portionwise with stirring, and when the viscosity of the 
solution reached to 1000 poise the reaction was terminated to 
yield a 31 % polyurethane polymer solution having satisfactory 
stability. During polymerization, titanium dioxide, a known 
antioxidant and UV absorber were incorporated at the 
concentrations of 4 %, 1 % and 0.5 %, respectively (Example 7) . 
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With changing the ratio of the diol whose average molecular 
weight was 1, 800 and which was represented by Formula III and 
the polyoxytetramethylene glycol whose average molecular 
weight was 2,000 into those shown in Table 2, polymer solutions 
were obtained similarly as in Example 7 (Comparative 2 and 
Examples 7 to 9) . Similarly as in Example 1, 40 denier filaments 
and 0.05 mm thickness films were prepared. The filaments and 
films obtained exhibited high extensions, excellent light: 
resistance and gas coloration resistance and satisfactory 
peeling ability, as evident from Table 2. 

Table 2, ( 1 ) Comparative 2, (2) Example 7, (3)Polyether diol 
(molar ratio), (4) Diol of Formula [III], 

(5) Polyoxytetramethylene glycol, (6) Strength, (7) Extension, 
(8) Light resistance, (9) Strength maintaining degree, 
( 10 ) Coloration degree (Class) , (11) Gas coloration resistance, 
(12)Nox (Class), (13) Propane (Class), (14) Peeling ability, 
Examples 10 to 12 

The ratio of the diol whose average molecular weight was 
2,000 and which was represented by Formula [IV]: 

CK, 

CfcLCH, ca. CK* CH. 

wherein n and m are integers of 2 to 30 and the 
polyoxytetramethylene glycol whose average molecular weigh- 
was 2, 000 was changed as shown in Table 3 so that the total weigh" 
was 3, 900 parts . Each diol and 1000 parts of 
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diphenylmethane-4 , 4 ' -diisocyanate were reacted at 90°C for 50 
minutes to obtain an intermediate polymer having isocyanate 
groups at its terminals (prepolymer) . Thereafter, the polymer 
solutions were obtained similarly as in Example 1 and 40 denier 
filaments and 0.05 mm thickness films were prepared. The 
filaments and films obtained exhibited high extensions, 
excellent light resistance and gas coloration resistance and 
satisfactory peeling ability, as evident from Table 3. 
Table 3, (1) Example 10, (2)Polyether diol (molar ratio), 
( 3 ) Diol of Formula [ IV] , ( 4 ) Polyoxytetramethylene glycol , 
(5)Strength, (G)Extension (Class), (7) Light resistance, 
(8) Strength maintaining degree, (9) Coloration degree (Class) , 
(10)Gas coloration resistance, (ll)Nox (Class), (12)Propane 
(Class), (13) Peeling ability, 
Applicant TEIJIN CO., LTD. 
Agent, Patent attorney, S . MAE DA 
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